Abstract -New metabolites isolated from soft corals and sponges collected in the Gulf of EiIat (The Red Sea) since 1974 are discussed.
INTRODUCTION
It is the aim of this report to describe briefly part of the more interesting marine natural products isolated by us during the last few years.
Our natural products research has been focused over the last years mainly on the chemistry of secondary metabolites from soft corals and sponges.
The interest in these two groups of animals stem from the following reasons:
a. The underwater observations that soft corals and many sponges appear to be remarkably free of predators, an observation which led to the hypothesis that fish toxins might be responsible for the protection of these animals.
b. The abundance of soft corals in the Gulf of Eilat (Red Sea) and the occurrence of many different species.
c. The fascinating spectrum of new molecular structures unveiled from sponges, and d. The relatively high number of sponge species in the Gulf, many of which are unidentified as yet (the sponges belong to the phylum Porif era and comprise the most primitive multicellular invertebrate animals with an estimated 5000 described species).
SOFT CORALS
The major faunistic and floristic components occupying space on the coral reefs of the northern Gulf of Eilat are stony corals, soft corals and benthic algae (Ref. 1) . The average percent living coverage of soft corals (Octocorallia) on the reef flats of the northern Gulf ranges between 0.2 and 17%. Interestingly, seventy percent of the total living coverage of the soft coral community is contributed by 2-3 species belonging to the order Alcyonacea. They tend to form large single species 'carpets" as those composed of Sarcophyton glaucum, Sinularia sp. and Lobophytum pauciflorum.
It was natural that many of the underwater observations in the area were directly connected with the soft corals such as the above mentioned ones, which gave rise to the hypothesis of repellents protecting soft corals against predators. Furthermore, following these observations, aquarium experiments demonstrated that not only were fish repelled by many soft corals but that they soon died if left in the tank with these animals. It was the toxicity towards fish, together with other biological activities (e.g. freedom from bacteria), which attracted our attention and served as a basis fr monitoring the separation and purification of new compounds belonging to the cembranoid diterpenes (Ref. 2) . The latter compounds are believed at least in part, to be responsible for the soft coral chemical defense mechanism (Ref. 3) .
Quite a few, out of more than 150 well defined soft corals of the Gulf of Eilat, were explored by us. Working with soft corals requires, of course, a reliable convenient and preferentially rapid way for their identification. Classical taxonomy of soft corals involves careful examination of anatomical features (such as form, size and structure of spicules) and morphological features (such as growth forms). Quite often the identification is extremely difficult, and even opinions of different specialists may vary. Any additional cri-teria that can aid in the systematic description of these soft corals, is therefore, of gr?at advantage. A possible additional means suggested by us is based on the sesquiterpene (and other volatile compounds) composition of soft corals as determined by gas-liquid chromatography (Ref. 4) . The "finger prints" thus obtained may serve as a useful and rapid complementary tool especially in cases where doubt exists due to variability in growth forms; although, of course, not as a substitute for classical taxonomy. Environmental conditions dictate to a large degree the growth forms of soft corals. In the Red Sea, our present state of knowledge indicates that the genus Sinularia consists of 25 species and the genus Sarcophyton consists of 12 species (Ref. 1). The LC "finger prints" of these species may largely contribute to solving difficulties of identification of closely related species (e.g. see Fig. 1 ). Furthermore, this method may distinguish new species with greater ease than classical taxonomy. Indeed, the origin of the sesquiterpenes is intriguing as most of the soft corals live in symbiotic relationship with unicellular algae. However, this need not essentially diminish the value of the sesquiterpene "finger prints". . . ,11j Li1,. 
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The main cembranoids which have been isolated by us from the genera Sarcophyton, Sinularia, Lobophytum and Alcyonium are shown in Fig. 2 '.
If at the beginning of th research one obtainèUthe impression that the cembranoids are widely spread within these animals, it was soon found that some of the soft coral species including the above mentioned genera, e.g. Sinularia and Lobophytum, do not contain diterpenoids in detectable amount (Ref. 7) . Others, on the other hand (e.g. the genus Xenia) contain diterpenes but not cembranoids.
S. Isptoclod•s Sarcophyton glaucum was one of the first soft corals to be investigated, for the above mentioned reasons (Ref. 8). Specimens of this animal were found to contain up to 4% dry weight, of an epoxycembranolide, designated sarcophine (6). The complete structure of 6 was determined by X-ray diffraction and its conformation in solution by NOE measurements. The latter indicated that the preferred conformation of the macrocycle in solution does not differ much from the one observed in the solid state. Employing Uchida and Kuriyama's newly proposed chirality rule for the Cotton effect of butenolides (Ref. 9), we were able to assign the absolute configuration at position 2 of sarcophine (Ref. 10) . Sarcophine selectively formed the 11,12-epoxide with peracid and the 11,12-dihydro derivative on hydrogenation indicating high stero and regioselectivity (selectivities which also were found with many other cembranes). Acid treatment of 6 resulted in a whole series of products depending on the acid used (BF3 etherate; pTsOH, HOAc; pTsOH, MeOH; H2504, acetone; H102H; Al203 in hexane and several Lewis acids) and also on the reaction conditions. 14-16), but also from soft corals which grew up in the same habitat. Research aimed at shedding light on this phenomenon was undertaken by us and has been ongoing for the last three years, however, the results are far from satisfactory and can not be easily interpreted due particularly to experimental difficulties and to yet unknown reasons.
__± Sarcophytonin-A (Ref. (4) Lobolide, another cembranolide (13) was isolated from Lobophytum crassum (Ref. 17) . The nature of its individual functioiiil groups was deduced from the 1H and 13C NMR spectra, which showed the presence of an a-methylenic y-lactone, a trisubstituted epoxide, a primary acetate and two methyl-bearing trisubstituted trans double bonds. The relationships of the various functional groups were established mainly by decoupling experiments, isolation of levulinaldehyde from an ozonolysis experiment, as well as interpretation of lanthanide induced shift data. The structure of lobolide was recently confirmed by X-ray diffraction (see Fig. 3 profiles with each isomer and may thus suggest a restricted rotation of the reaction site and hence a quite rigid conformation of the entire macrocycle. (13) and Decaryiol (22) Reinvestigation of the Upid extract of Lobophytum crassum revealed in addition to lobolide and the pair of the 13-hydroxylobolides, three new minor cembranoids (37, 38 and 39) . The structures of the latter compounds were assigned on the basis of spectral evidence, comparison with lobolide, and extensive 'H NMR decouplings. All three were found to be closely related to lobolide, namely the 3,4-deoxy, desacetyl-and 3,4-deoxy-lobolides (37 and 38 respectively), and desacetyl-13-hydroxylobolide (39).
From yet another Lobophytum species, L. pauciflorum, we have isolated in addition to nephthenol (19) , two new compounds, designated pauciflorol-A and B (40 and 41 respectively). The structures of these two compounds were established by comparison of their NMR spectra and ozonolysis products with those of thunbergol (18) and nephthenol (19) and the new cembranoid alcyonol-B (45, vide infra). In the light of the very interesting cembranolides isolated from various Sinularia species (Ref. 22 ) and the high abundance of the latter animals in the Gulf of Eilat vide supra, it was of great interest to examine these organisms. Substantial amounts of diterpenes could be found in only one out of seven examined species, S. notanda. In S. querciformis we were able to identify trace amounts of il-episinulariolide acetate (16) whereas aTl the others did not contain any diterpenes. The major diterpene in S. notaia was 11-episinulariolide acetate (16), which was found to be accompanied by 11-dehydrosinulariolide (17) We have also examined several other oxy hydroxy cembranes for their ability to unde9o an acid catalyzed ether formation. Quite surprisingly the 13-hydroxy-lobolide pair (14 and 15) in contrast to (7E,11Z) -3,4-epoxy-13-hydroxy-7,11,15-cembratriene which was investigated by Faulkner (Ref. 25) , failed to close to a tetrahydropyrane ring but rather produced a complex mixture. The rationale for this failure seemed to us to result, from the rigidity of the macrocycle, which prevents the reaction sites from occupying the geometry required for the transannular reaction (this is in full agreement with the above mentioned oxidation results of this pair). Of special interest are the transannular reactions which are believed to be responsible for the biosynthesis of oxygen bridged cembranes. (42) starting from nephthenol (19) (interestingly, the same double bond is attacked by either the enzyme or by the laboratory electrophile (Br4)).
The latter reaction followed by elimination of HBr established the relationship between nephthenol and decaryiol determining thereby the absolute configuration at C-i of aecaryiol to be of the a-series. Recently the structure of decaryiol was confirmed by X-ray diffraction (see Fig. 3 The relationship between compounds 18 and 20 was established by the Zn/Cu couple deoxygenation of the latter (20) producing thunbergol (18) . As thunbergol, one of the terrestrial reported 2,7,11-cembratriene-4-ol isomers, is of known absolute configuration (Ref.
2), the absolute configuration of trocheliophorol was also established and found to belong to the a-series -the same configuration as was found for the other cembranoids of the S. decaryl.
Among the examined soft corals from the genus Alcyonium (order Alcyonacea, family Alcyoniidae) was A. flaccidum (Ref. 21) . From this animal, collected at Marsa-Hadamiya (Gulf of Suez, the Red Seá),we succeeded in the isolation of two known compounds, cembrene-C (23, 4.5% dry weight) (Ref. 29) , and sarcophytol-B (24, 0.06% dry weight) (Ref.
14), togetheFwith 0.8% of a new cembranoid designated flaccidoxide (25) . Like compounds 23 and 24, flaccidoxide has a UV maximum at 252 nm. The 1H and 13C NMR spectra point TearlyTo the common presence of the 1,4-tetrasubstituted diene (C-i to C-4 and C-15 to C-18) in 23, 24 and 25. The NMR spectra also revealed that one of the two unconjugated double boids FesentTn compounds 23 and 24 was replaced in 25 by an epoxide. The distinction between the 7-8 and 11-12 double bonds could be made following a microozonolysis of 25, which afforded levulinaldehyde pointing to the 11,12-epoxy structure. At last, the twoVicinal hydroxylated carbons were determined to be at C-13 and C-i4 based on spectroscopic data. The structure of flaccidoxide was unequivocally confirmed following the formation of sarcophytol-B upon Zn/Cu deoxygenation of desacetyl flaccidoxide. is presumed to proceed after completion of a xenicin-type carbon skeleton.
The various Xenia metabolites can be divided into two major parts; the first part deals with the 2-oxabicyclo All three Xenia species which were examined by us were found to contain varying amounts of another new diterpene designated xenialactol-D (89). The bicyclic skeleton of the latter was determined by comparison of its NMR data witWthose of xenialactol-C (68). The structure of the side chain was clear from the chemical shifts of the terminal i-groups as well as from the 6c values of C-14 to C-17 and decoupling of H-12, 13, 13' and 14.
In addition to the above diterpenes, we have also isolated two sesquiterpenes and two diterpenes of another class. Obscuronatin (90), one of the diterpenes, was previously reported by us and it was found to rearrange to compound 91 by Ph3P'CC14. The latter compound (91) (Ref. 48 ) has now also been identified (by tfl NMR) in the crude Xenia sesquiterpene fraction together with palustrol and 7-acetoxymuurolene (4c). These two compounds were previously isolated by us also from several other soft cFals (Ref. 4) .
. 32 5. Among the explored sponges was the black sponge Fasciospongia cavernosa, collected in the northern part of the Gulf of Eilat, which was found to contain in remarkably high concentration (1-2% dry weight) a new, naturally occurring s-amino acid (92) (Ref. 50 ). This acid does not appear, however, in the free form but rather in a serTis of N-acyl methyl esters. Acid methanolysis of the natural product afforded the acids' methyl esters, 5 of which were separated and identified by the GC-MS technique. The 2-methylene-B-alanine methyl ester was fully characterized by its 1H NMR spectrum as well as by well defined MS-fragmentation patterns. Recently, several other N-acyl derivatives of this amino acid were isolated by Scheuer from an unidentified sponge and their oxygeneted long chain acids had been identified (Ref. 51 ).
Attracted by the characteristic polyacetylenic IR and UV absorptions of the crude petroleum ether extract of the sponge Siphonochalina sp., we undertook the elaborate chromatographic separation and structure elucidation of this extract (Ref. 52). Whereas polyacetylenes were well known constituents of plants when this research started (Ref. 53), almost none have been disclosed from marine organisms. We have succeeded in the isolation and the structure elucidation of six new compounds from the complex mixture. Other minor components did not withstand the purification process -not surprisingly for polyacetylenes.
All characterized compounds were n-C2 straight chain acetylenic compounds possessing, except for one (t-docos-1-yne) a cis enyne terminus on one side of the chain and either a terminal acetylene or a propargyl alcohol on the other end. Two of the identified materials are compounds 93 and 94 (see Fig. 4 ). While the termini of both 93 and 94 were determined by their 'H NMR spectra, the existence of a triyne was unequivocally confirmed in each one of the two by the highly characteristic UV spectra with its sharp vibrational fine structure. Assignment of the location of the triynes, however, required further experimental data. A LIS experiment determined the exact site of the latter moiety in each compound. While a complexation site was already embodied in alcohol 94, an apoxide, prepared by epoxidation of the double bond of 93, served in 93 for the sie purpose. Of interest is the enyne teniiinus which appears in many marine metabolites and is not unknown in terrestrial sources. The number of natural cyclic peroxides increased remarkably during the last few years mainly due to the discovery of quite a few from marine organisms. Two peroxides isolated from Prianos sp. from the Gulf of Eilat, are the C24-isoprenoids 95 and 96 (see Fig. 4 
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Many of the examined sponges were found to contain complex mixtures of sterols, a few of which were analyzed by Ojerassi's group in Stanford. Immunoflourescence studies using antibodies specific against actin and tubulin reveal that the latrunculins induce profound changes in the organization of microfilaments in the cells while leaving the organization of microtubules unaltered. These toxins exert a similar action on fibroblasts although at somewhat higher concentrations. Upon toxin removal, both types of cells rapidly recover their normal morphology and microfilament organization. The molecular mode of action of these unusual marine natural products is still unknown, but their effect strikingly resembles those of the mold metabolites cytochalasins, the only class of drugs known to specifically\disrupt microfilamentous structures. The latrunculins, however, possess another mode of action and act at least ten fold lower concentrations. The 'H NMR spectrum of the diacetate (118) suggested the presence of ArCH2CH2NHCOCH3 (2.75t, J=7 Hz, 3.45dt, J=7 Hz, collapsing to a triplet on D20 exchange of the amicie proton, 5.8Obt, J=7.5 Hz and 1.95s, 3H) and -CONHCH2CH2CH2OAr(7.16 bt, J=6Hz, 3.7Odt, J=6 Hz, collapsing to a triplet on D20 exchange of the NH, 2.10 quin, J=6 Hz and 4.08t, J=6 Hz). The aromatic ring in both units is proposed to be the same dibromophenoxy group which appears in fistularin-3 (115). The latter ring is thus also responsible for the two proton singlet at a7.35, which remains almost unchanged in various degradation products, and is in full agreement with the 13C NMR spectrum. The presence of the following functionalities in the rest of the molecule of 118; CHOAc (6.40s and 2.22s), an isolated CH2 group (as AB quartet at 3.02 and 3.23, J=l5rHz), a methoxy (3.67s) and a single vinyl proton (7. additional OH-group next to the dibromophenoxy ring -as was clear from its NMR spectra.
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